Transformed fibroblasts coinoculated with epithelial cells accelerated the growth and shortened the latency period of human epithelial tumors in athymic mice. Addition of NbF-1 fibroblasts caused epithelial tumors to grow from five marginally tumorigenic or "nontumorigenic" (nontumorforming) human tumor cell lines or strains: PC-i (prostate), WH (bladder), , and cells derived from the ascites fluids of patients with metastatic renal pelvic or prostate cancers. Evidence for the human and epithelial nature of these experimental tumors was provided by histologic, immunohistochemical, Southern and dot-blot hybridization, and cytogenetic analyses. Transformed fibroblasts induced predominantly carcinosarcomas, whereas nontumorigenic fibroblasts (NIH 3T3) and lethally irradiated transformed fibroblasts induced exclusively carcinomas. The fibroblast-epithelial interaction appears to occur bidirectionally and does not result from cell fusion. Because coculture experiments in vitro did not demonstrate an increased cell proliferation, it appears that undefined host factors can influence tumor growth. This tumor model may be useful in drug-screening programs and in mechanistic studies of factors regulating human tumor growth and progression.
Interactions between epithelium and mesenchyme mediate crucial aspects of normal development and are also believed to be important in neoplasia (1) (2) (3) (4) . By employing tissuerecombination techniques, it has been demonstrated that the growth and differentiation of normal epithelium is regulated either inductively or permissively by neighboring mesenchymal components (5, 6) . Studies of stromal-epithelial interaction in the prostate gland revealed that mesenchyme isolated from the fetal urogenital sinus (7, 8) but not from the prostate of newborns (9) or adults (10) can stimulate proliferation of well-differentiated adult epithelium. Mesenchymal mediation of sex steroid action on glandular epithelium has also been demonstrated. The growth of the prostate (7, 8) , the regression of the mammary gland by androgen stimulation (11, 12) , and the growth (13) and the expression of progesterone receptors (14) by the mammary epithelium in response to estrogen have been shown to be mediated by the indirect action of sex steroids on the fibromuscular stroma.
Stromal influences on epithelial neoplasia have also been documented in the salivary gland (15) , the mammary gland (16) , the urinary bladder (17) , and the skin (18) . Picard et al. (19) used rodent embryonic fibroblasts as promoters to enhance the growth of tumorigenic human colon adenocarcinoma and rat rhabdomyosarcoma cell lines. Coinoculation ofa tumorigenic human fibrosarcoma cell line (HT-1080) with a tumorigenic Epstein-Barr virus-positive Burkitt lymphoma cell line increased the incidence of tumor development in athymic mice (20) .
The search for models in which to study human epithelial tumorigenesis has a long history and has encountered formidable difficulties. A population of pure epithelial cells frequently does not survive long enough in culture to allow transformation to occur (21) . Transformed Tumorigenicity Determinations. The athymic nude BALB/c mouse strain (20-25 g, Charles River Breeding Laboratories) was used in all experiments. Tumor volumes were calculated by the formula weight x length x height x 0.5236 (24) . With the exception of the PC-3 cell line (25) , our definition of "tumorigenicity" conformed to the published data. Dot Blot and Southern Hybridization. DNA was prepared from tissues and tumors according to the method described by Davis et al. (26) , with slight modification to include treatment steps with proteinase K (0.2 mg/ml, Sigma) and RNase A (20 ,g/ml, Sigma).
Histologic and Immunochemical Methods. Tissues were fixed in 10o neutral buffered formalin, and 6-pAm sections were cut and stained by hematoxylin/eosin or cytokeratin (22) . §To whom reprint requests should be addressed. 
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Chromosomal Analysis. Human PC-3 and rat NbF-1 cells were subjected to cytogenetic analysis before and after in vivo inoculation. Cells were subcloned from tumor specimens (23) and subjected to chromosomal analysis (27) as described. Table 1 shows that coinoculation of viable rat NbF-1 cells with human epithelial cell types increased the frequency of tumor formation. We observed that even lethally irradiated NbF-1 cells substantially increased the frequency of human tumor growth.
RESULTS
To assess changes in latency period and tumor growth rate, we focused on tumors derived from coinoculation of PC-3 and NbF-1 cells. Fig. 1 shortened latency period. The histomorphology ofthe tumors shows that inoculating fibroblasts alone produced fibrosarcomas ( Fig. 2A) , whereas coinoculating fibroblasts and epithelial cells formed carcinosarcomas (Fig. 2B ). Cytokeratin immunohistochemical staining confirmed the presence of the epithelial elements within the mixed tumors (Fig. 2C ). Fig. 3 shows that the irradiated NbF-1 cells alone were able to induce PC-3 tumors, albeit at a slower growth rate and longer latency period than viable NbF-1 cells (Fig. 1) . Histomorphologically the resulting tumors were characterized as carcinomas (Fig. 4A) .
In addition to NbF-1 cells, other immortalized or transformed fibroblast cell lines were also capable of accelerating human epithelial tumor growth. Fig. 4B shows that viable nontumorigenic 3T3 cells were also able to induce PC-3 tumor growth. The histomorphology of these tumors was uniformly that of carcinoma, as supported by cytokeratin staining pattern (Fig. 4C) . In addition, 3T3 neu and C1271 were capable of inducing PC-3 tumor growth after lethal irradiation. The histomorphology of these tumors was also that of carcinoma (Fig. 4 D and E) .
To investigate whether PC-3 cells could stimulate NbF-1 cell tumor growth-i.e., whether induction of tumor formation is bidirectional-we coinjected lethally irradiated PC-3 cells (1 x 106) and viable NbF-1 cells (1 x 105) and monitored the latency period and rate of tumor growth of these mixed tumors. Fig. 5 shows that PC-3 markedly enhanced the growth rate and the tumor size and shortened the latency period from 20 days to 2 days of NbF-1 tumor growth. Histologically, these tumors were fibrosarcomas (Fig. 4F) (Fig. 5) . Likewise, lethally irradiated PC-3 cells (1 x 105) did not stimulate the growth of PC-3 cell tumors (1 X 106) in vivo (see Fig. 3 ).
To confirm that fibroblast-induced PC-3 tumors were composed substantially of human cells, we used DNA blot hybridization to test for the presence and relative abundance of human-specific Alu repetitive sequences. Fig. 6 A and B show that PC-3 mixed tumors contained abundant human DNA, a result that agreed with the histologic evaluation of the mixed tumors. PC-3/NbF-1 and PC-3/3T3 tumors with a predominantly epithelial histomorphology showed a human DNA hybridization intensity only slightly less than that of control human kidney DNA, whereas fibrosarcomas derived from coinoculating PC-3 with the aggressively tumorigenic neu-transformed 3T3 cell line contained substantially less human DNA (Fig. 6C) .
Because of the acceleration of tumor growth observed in the epithelial/fibroblast mixed tumors, we attempted to determine whether evidence for a similar interaction could be obtained in cell culture. Fig. 7 shows that when NbF-1 and PC-3 cells were cocultured in vitro at a 1:10 ratio, no stimulation of cell growth was observed.
The question remained as to whether the induced growth of PC-3 cells in vivo was the result of fusion between NbF-1 and PC-3 cells as opposed to cellular interaction. Fig. 8 shows that NbF-1 cells and presumptive NbF-1 cells derived from the tumors contained 43 rat chromosomes with a distinct trisomy of chromosome 4 (marked 4 on Fig. 8B ). No human chromosomes could be found in the NbF-1 cells derived from the outgrowths. Similarly, PC-3 cells and presumptive PC-3 cells derived from the outgrowths contained large numbers of human chromosomes, 110-120 in the majority (Fig. 8A) . No rat chromosomes were detectable in the human cells. Because of the extraordinarily large number of chromosomes and double minutes in the PC-3 cells, it is not possible to determine whether minor chromosome alterations were induced through chromosomal exchange or transfer. DISCUSSION Mesenchymal-epithelial interaction is a fundamental developmental process in all vertebrate species, affecting early organogenesis, pubertal growth, and the maintenance of functional differentiation of the accessory sex organs after puberty. Using embryonic mesenchyme as an inductor, researchers have clearly demonstrated that functional differentiation of the immature and mature epithelium in vivo can be markedly altered or reprogramed by the adjacent mesenchyme (6-8, 11, 12) . To understand the cellular and molecular basis of mesenchymal-epithelial interaction, our laboratory (22, 23) and others (13, 14, 29, 30) have employed model cell systems to investigate the interaction between mesenchymal (e.g., fibroblast) and epithelial cells both in vivo and in vitro.
We have found that the growth rate of epithelial tumors in athymic murine hosts can be markedly accelerated by a broad spectrum of tumorigenic, nontumorigenic, or lethally irradiated fibroblasts. The mesenchymal-epithelial interaction appears to occur bidirectionally in a cell-type-specific manner. We have conclusively demonstrated that the mixed tumors contain substantial numbers of human cells. More strikingly, however, tumors derived from the coinoculation of irradiated rat or mouse fibroblasts and human epithelial cells appear to be carcinomas on histologic and immunocytochemical evaluation and are shown by semiquantitative DNA blot analysis to be predominantly human. In addition, cytogenetic analysis An important and surprising observation is that lethally irradiated fibroblasts retain the potential to accelerate human tumor growth. This result strongly suggests that components of the fibroblast extracellular matrix may be able to initiate and/or promote epithelial proliferation during various stages of tumor formation. Because viable fibroblasts are more efficacious than lethally irradiated fibroblasts in promoting tumor growth, our data suggest that continued production of tumor-promoting factors by the interacting fibroblasts is necessary to promote the maximal epithelial proliferation.
Grey et al. (31) recently reported purifying a migrationstimulating factor, derived from fetal and breast-cancer fibroblasts. Picard et al. (19) reported the presence of growth factors in the conditioned medium of cultured embryonic fibroblasts that were capable of stimulating the growth and metastasis of a rat fibrosarcoma cell line. Prichett et al. (30) have shown human bladder cancer fibroblast conditioned medium stimulated the growth of several human bladder epithelial cell lines. In the present study, it is conceivable that such a fibroblast factor(s) and host factor(s) may stimulate epithelial proliferation in vivo.
Because nontumorigenic or lethally irradiated fibroblasts can contribute to human epithelial cell growth in vivo, our finding In conclusion, our results suggest that many human tumors may be routinely reconstituted and grown in athymic mice using mesenchyme as an inductor. The human tumor models described may be useful in experimental testing of anticancer agents and in the study of factors mediating cellular interaction in human neoplasia.
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